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[Designation of Document] Specification 

[Title of the Invention] ANTI-THEFT APPARATUS, 

ANTI-THEFT METHOD AND ANT I -TH I FT PROGRAM 
[Claims] 

[Claim 1] An anti-theft apparatus mounted on a vehicle 
for detecting acceleration in a predetermined direction 
comprising: 

an acceleration detection unit whose detection result in 
a first detection sensitivity is used for a predetermined vehicle 
control; 

a sensitivity switching unit for switching the detection 
sensitivity of said acceleration detection unit to a second 
detection sensitivity which is • different from said first 
detection sensitivity when it received an anti- theft instruction 
for instructing prevention of theft; and 

a theft judgment unit for judging whether or not said 
vehicle is in a theft state on the basis of the detection result 
of said acceleration detection unit which was switched to said 
second detection sensitivity by said sensitivity switching unit . 

[Claim 2] The anti-theft apparatus as set forth in claim 
1, wherein said sensitivity switching unit switches respective 
detection sensitivities of aplurality of acceleration detection 
units which are mounted on said vehicle when it receives said 
anti-theft instruction, and 

said theft judgment unit judges whether or not said vehicle 



1 



06- 3- 9J 2:11PM;NGB ftMi 



OLIFF 



; 035561 39 55 



# 7/ 76 



is in the theft state on the basis of respective detection results 
of said plurality of acceleration detection units, 

[Claim 3 ] The anti-theft apparatus as set forth in claim 
2, wherein said theft judgment unit judges that said vehicle 
is in the theft state, incase that acceleration which was detected 
by any one of acceleration detection units out of said plurality 
of acceleration detection units exceeds a predetermined 
threshold value- 

[Claim 4] The anti- the ft apparatus as set forth in claim 
2, wherein said theft judgment unit judges that said vehicle 
is in the theft state, in case that respective accelerations 
which were detected by a plurality of acceleration detection 
units for detecting acceleration in the same direction out of 
said plurality of acceleration detection units exceed a 
predetermined threshold value. 

[Claim 5] The anti-theft apparatus as set forth in any 
one of claims 1 to 4, wherein said theft judgment unit judges 
whether or not said vehicle is in the theft state on the basis 
of inclination of said vehicle . 

[Claim 6] The anti-theft apparatus as set forth in any 
one of claims 1 to 4, wherein said theft judgment unit judges 
whether or not said vehicle is in the theft state on the basis 
of vibration of said vehicle . 

[Claim 7] The anti-theft apparatus as set forth in claim 
6, wherein said theft judgment unit judges whether or not said 
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vehicle is in the theft state on the basis of a detection result 
of an acceleration detection unit which was disposed at an outer 
edge part of said vehicle., 

[Claim 8] The anti-theft apparatus as set forth in claim 
6, wherein said sensitivity switching unit switches each 
detection sensitivity in such amanner that said second detection 
sensitivity of the acceleration detection unit which was disposed 
at a central part of said vehicle becomes higher than said second 
detection sensitivity of the acceleration detection unit which 
was disposed at the outer edge part of said vehicle. 

[Claim 9] The anti-theft apparatus as set forth in any 
one of claims 1 to 8, wherein said acceleration detection unit 
is an acceleration sensor which was disposed in a front collision 
air bag ECU, an acceleration sensor which was disposed in a side 
collision air bag ECU/ an acceleration sensor which is used for 
electronic control suspension and/or an acceleration sensor 
which is used' for a vehicle stability control system. 

[Claim 10] The anti-theft apparatus as set forth in any 
one of claims 1 to 9, further comprising a noise elimination 
unit for eliminating noise from the detection result of said 
acceleration detection unit, and 

wherein said theft judgment unit judges whether or not 
said vehicle is in the theft state on the basis of the detection 
result from which noise was eliminated by said noise elimination 
unit . 
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[Claim 11 ] The anti-thef t apparatus as set forth in claim 
10, wherein said noise elimination unit eliminates said noise 
by switching a cutoff frequency of a filter which is additionally 
disposed in said acceleration detection unit to a frequency which 
corresponded to theft judgment of said vehicle. 

[Claim 12] The anti-theft apparatus as set forth in claim 
10, wherein said noise elimination unit eliminates said noise, 
by periodically integrating the detection result of said 
acceleration detection unit. 

[Claim 13] The anti- the ft apparatus as set forth in claim 
10, wherein said noise elimination unit eliminates said noise 
by switching a cutoff frequency of a filter which is additionally 
disposed in said acceleration detection unit to a frequency which 
corresponded to theft judgment of said vehicle, and by 
periodically integrating the detection result of said 
acceleration detection unit, 

[Claim 14] The anti-theft apparatus as set forth in any 
one of claims 1 to 13, wherein said acceleration detection unit 
is contained in a predetermined unit together with various 
devices, and power is supplied thereto from a battery which was 
mounted on said vehicle or a dry battery which was contained 
in said predetermined unit, in the same manner as in said various 
devices, and 

further comprising a power supply control unit for 
controlling said power source only to said acceleration detection 
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unit in said predetermined unit, and 

wherein said theft judgment unit judges whether or not 
said vehicle is in the theft state on the basis of the detection 
result of said acceleration detection unit which was controlled 
so as to supply said power source by said power supply control 
unit* 

[Claim 15] The anti-theft apparatus as set forth in Claim 
14, wherein said power supply control unit controls so as to 
intermittently supply said power source from said battery or 
dry battery to said acceleration detection unit, 

[Claim 16] The anti-theft apparatus as set forth in claim 
14 or 15, wherein said power supply control unit controls so 
as to stop supply of said power source to said acceleration 
detection unit, in case that a voltage of said battery or dry 
battery became a predetermined voltage and below. 

[Claim 17] The anti-theft apparatus as set forth in any 
one of claims 1 to 16, further comprising a monitoring unit for 
monitoring a state of said vehicle and for sending out said 
anti-theft instruction, and 

wherein said sensitivity switching unit switches 
detection sensitivity of said acceleration detection unit to 
detection sensitivity which is available for theft judgment of 
said vehicle, when it receives the anti-theft instruction which 
was sent out by said monitoring unit. 

[Claim 18] The anti-theft apparatus as set forth in claim 
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17, wherein said monitoring unit monitors an ON-OFF state of 
an ignition key r and sends out said anti-theft instruction, in 
case that said ignition key was turned to the OFF state, 

[Claim 19] Anti-theft method comprising: 

an acceleration detection step of detecting acceleration 
in a predetermined direction, a result of said detection in a 
first detection sensitivity being used for a predetermined 
vehicle control; 

a sensitivity switching unit of switching the detection 
sensitivity of said acceleration detection step to a second 
detection sensitivity which is different from said first 
detection sensitivity when an anti-theft instruction for 
instructing prevention of theft was received; and 

a theft judgment step of judging whether or not said vehicle 
is in a theft state on the basis of the detection result of said 
acceleration detection step which was switched to said second 
detection sensitivity by said sensitivity switching step, 

[Claim 20] A anti-theft program for having a computer 
executed 

an acceleration detection step of detecting acceleration 
in a predetermined direction, a result of said detection in a 
first detection sensitivity being used for a predetermined 
vehicle control; 

a sensitivity switching unit of switching the detection 
sensitivity of said acceleration detection step to a second 
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detection sensitivity which is different from said first 
detection sensitivity -when an anti-theft instruction for 
instructing prevention of theft was received; and 

a theft judgment step of judging whether or not said vehicle 
is in a theft state on the basis of the detection result of said 
acceleration detection step which was switched to said second 
detection sensitivity by said sensitivity switching step. 
[Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention Belongs] 
This invention relates to an anti-theft apparatus , an 
anti-theft method and an anti-theft program which can surely 
detect a theft state of a vehicle, such as inclination and 
vibration of a vehicle due to a theft action, even in a case 
that various acceleration sensors, which are mounted on a vehicle 
for an application other than anti-theft, are also used for 
anti- theft . 

[0002] 

[Related Art] 

In the past, in a vehicle such as an automobile, an 
auto-bicycle and so on, in order to prevent theft of a parked 
vehicle and a tire by use of jack-up and so on, there was such 
a case of mounting anti-theft dedicated ECU (electronic control 
unit) in which an inclination sensor was incorporated. Further, 
in recent years, for the purpose of reducing a cost, there has 
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been such a proposal that the anti-theft dedicated ECU is not 
mounted, but an acceleration sensor inherently mounted on a 
vehicle for an application other than anti-theft is also used 
for an application of anti-theft • 
[0003] 

For example, in a JP-A-2002-67882 gazette, disclosed is 
an anti-theft apparatus in which an inclination sensor 
(acceleration sensor) for use in detecting reversal which is 
incorporated in a reversal detection ECU (electronic control 
unit for detecting reversal of a vehicle to stop fuel injection 
and ignition) which was mounted on an auto-bicycle is also used 
for anti-theft. Concretely speaking, it is an anti-theft 
apparatus in which, by detecting a vibration component of a 
vehicle by use. of the inclination sensor, the inclination sensor 
is also used as a vibration sensor for use in anti-theft - 
[0004] 

[Patent Document 1] 

JP-A-2002-67882 gazette (pages 2-3, Fig,l) 
[0005] 

[Problem that the Invention is to Solve] 
However, in case that various acceleration sensors, which 
are mounted on a vehicle for an application other than anti-theft, 
are intended to be used also for anti-theft as an inclination 
sensor from the same viewpoint as above, there was such a problem 
that it is not necessarily possible to surely detect inclination 



8 



06- 3- 9J 2 M 1 PM; NGB ffitf 



OLIFF 



I 03 5561 39 55 



# 14/ 76 



of a vehicle from a problem of detection sensitivity. 
[0006] 

Explaining this concretely/ for example, in an air bag 
ECU (electronic control unit for detecting a mechanical shock 
from a predetermined direction to have an air bag ignited) which 
is mounted on a vehicle, an acceleration sensor for detecting 
the shock is incorporated, but this detection sensitivity is 
generally set up to approximately +50G-±300G from a view point 
of shock detection. In other words, to cite an example, detection 
sensitivity of a Y direction acceleration sensor (see, Fig. 2 (a)) 
which was disposed in a front collision air bag ECU is 

approximately ±100G. 
[0007] 

On one hand, in case that a vehicle was inclined due to 
jack-up and so on, as shown in Fig* 2 (b) , change of acceleration 
due to gravity which does not normally appear as an output and 
is applied in a vertical direction appears in an acceleration 
sensor- And, by utilizing this output change of the acceleration 
sensor, a relation of ^inclination angle - lift amount - 
acceleration sensor output'' as shown in Fig.2(c) is logically 
derived* In addition, the relation shown in Fig. 2(c) is one. 
on the assumption that a vehicle with vehicle width of 165cm 
was inclined due to jack- up and so on, 

[0008] 

Here, focusing on a relation which was shown in Fig. 2 (a) , 
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in case that such a state that a vehicle was lifted in a Y direction 
by approximately 20cm was assumed to be a critical point for 
anti-theft, in this state, an output of an acceleration sensor 
becomes approximately 125mV, and therefore/ in order to surely 
detect this inclined state from the output of the acceleration 

sensor , detection sensitivity of approximately ±2G is required* 
Therefore, in the acceleration sensor which was cited above as 
an example, there is necessarily a limit to detect the critical 
point for anti-theft. 
[0009] 

In this manner, even if various acceleration sensors, which 
are mounted on a vehicle for an application other than anti- theft , 
are also used for anti-theft as an inclination sensor, detection 
sensitivity is too much low as it is, and therefore, it is not 
necessarily possible to surely detect inclination of a vehicle 
due to jack-up and so on, and it was difficult to surely prevent 
theft of a vehicle and a tire* 

[0010] 

In addition, in the same manner as this, in case that the 
acceleration sensor is intended to be used for anti-theft as 
a vibration sensor (i,e, , vibrationof a vehicle due to a turbulent 
action which may lead to theft is intended to be detected) , 
vibration generated due to such action is small as compared with 
vibration at the time of vehicle collision (i*e., detection 
sensitivity without any modification is too much low) , and 
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therefore, it is not necessarily possible to surely detect 
vibration of a vehicle, and it was difficult to surely prevent 
theft of a vehicle and a tire, 
[0011] 

In this connection, this invention is one which was made 
for solving the above-described problem according to a related 
technology, and aims to provide an anti-theft apparatus, an 
anti-theft method and an anti-theft program which can surely 
detect a theft state of a vehicle, such as inclination and 
vibration of a vehicle due to a theft action, even in case that 
various acceleration sensors, which are mounted on a vehicle 
for an application other than anti-theft, are used also for 
anti-theft . 

[0012] 

[Means for Solving the Problem] 

In order to solve the above-described problem and to 
accomplish the object, an anti-theft apparatus which relates 
to an invention of claim 1 is one raountedon a vehicle for detecting 
acceleration in a predetermined direction and characterized by 
being equipped with an acceleration detection unit whose 
detection result in a first detection sensitivity is used for 
a predetermined vehicle control, a sensitivity switching unit 
for switching the detection sensitivity of the acceleration 
detection unit to a second detection sensitivity which is 
different from the first detection sensitivity when it received 

11 



06- 3- 9; 2M1PM;NGB gfFffi 



OLIFF 



; 03 55 61 39 5 5 



# 17/ 76 



an anti-theft instruction for instructing prevention of theft, 
and a theft judgment unit for judging whether or not the vehicle 
is in a theft state on the basis of the detection result of the 
acceleration detection unit which was switched to the second 
detection sensitivity by the sensitivity switching unit. 
[0013] 

Therefore, according to this invention, it is one which 
is mounted on a vehicle and which detects acceleration in a 
predetermined direction, and since it was designed that detection 
sensitivity of the acceleration detection unit whose detection 
result in the first detection sensitivity (e.g., it is detection 
sensitivity at which a mechanical shock for controlling an air 
bag can be detected, and approximately ±100G) is used for 
predetermined vehicle control is switched to the second detection 
sensitivity (concretely speaking, it is detection sensitivity 
which is available for theft judgment of a vehicle- For example, 
it is detection sensitivity at which inclination of a vehicle 
due to jack-up and so on can be detected, and approximately ±2G. 
Or detection sensitivity at which vibration of a vehicle due 
to a turbulent action which may lead to theft can be detected, 
and so on) , and then, judged is whether or not a vehicle is 
in the theft state on the basis of the detection result of the 
acceleration detection unit which was switched to the second 
detection sensitivity, even in case that various acceleration 
sensors, which are mounted on a vehicle for an application other 
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than anti-theft, are also used for anti-theft, it becomes 
possible to surely detect the theft state of a vehicle* 
[0014] 

Also, an anti- theft apparatus which relates to an invention 
of claim 2 is characterized in that, in the invention as set 
forth in claim 1, the sensitivity switching unit switches 
respective detection sensitivities of a plurality of 
acceleration detection units which are mounted on the vehicle 
when it receives the anti-theft instruction, and the theft 
judgment unit judges whether or not the vehicle is in the theft 
state on the basis of respective detection results of the 
plurality of acceleration detection units. 
[0015] 

Therefore, according to the invention, since it was 
designed that respective detection sensitivities of the 
plurality of acceleration detection units which were mounted 
on a vehicle are switched in response to reception of the 
anti-theft instruction, and judged is whether or not a vehicle 
is in the theft state on the basis of respective detection results 
of the plurality of acceleration detection units, it is possible 
to judge the theft state (concretely speaking, inclination or 
vibration) in multiple aspects by a combination of detection 
results of the plurality of acceleration detection units and 
to prevent mis judgment, and it becomes possible to detect the 
theft state of a vehicle with a high degree of accuracy. 
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[0016] 

also, an anti-theft apparatus which relates to an invention 
of claim 3 is characterized in that, in the invention as set 
forth in claim 2, the theft judgment unit judges that the vehicle 
is in the theft state, incase that acceleration which was detected 
by any one of acceleration detection units out of the plurality 
of acceleration detection units exceeds a predetermined 
threshold value, 

[0017] 

Therefore, according to this invention, since it was 
designed that it is judged that a vehicle is in a theft state 
in case that acceleration which was detected by any one of 
acceleration detection units outof theplurality of acceleration 
detection units exceeds a predetermined threshold value, it is 
possible to simply judges the theft state (concretely speaking, 
inclination or vibration) of a vehicle by the detection result 
of any one acceleration detection unit, and it becomes possible 
to detect the theft state of a vehicle as quickly as possible. 

[0018] 

Also, an anti-theft apparatus which relates to an invention 
of claim 4 is characterized in that, in the invention as set 
forth in claim 2, the theft judgment unit judges that the vehicle 
is in the theft state, in case that respective accelerations 
which were detected by a plurality of acceleration detection 
units for detecting acceleration in the same direction out of 
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the plurality of acceleration detection units exceed a 
predetermined threshold value ♦ 
[0019] 

Therefore/ according to this invention, since it was 
designed to judge that a vehicle in a theft state, in case that 
respective accelerations which were detected by a plurality of 
acceleration detection units for detecting acceleration in the 
same direction out of the plurality of acceleration detection 
units exceed a predetermined threshold value, it is possible 
to carefully judge a theft state (concretely speaking, 
inclination or vibration) of a vehicle by detection results of 
a plurality of acceleration detection units, and it becomes 
possible to detect the theft state of a vehicle with a high degree 
of accuracy . 

[0020] 

Also, an anti-theft apparatus which relates to an invention 
of claim 5 is characterized in that, in the invention as set 
forth any one of claims 1 to 4, the theft judgment unit judges 
whether or not the vehicle is in the theft state on the basis 
of inclination of the vehicle. 

[0021] 

Therefore, according to this invention, since it was 
designed to judge whether or not a vehicle is in a theft state 
on the basis of inclination of the vehicle, it becomes possible 
to surely detect inclination of a vehicle due to jack-up and 
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so on for theft. 
[0022] 

Also, an ant i-thef t apparatus which relates to an invention 
of claim 6 is characterized in that, in the invention as set 
forth in any one of claims 1 to 4, the theft judgment unit judges 
whether or not the vehicle is in the theft state on the basis 
of vibration of the vehicle* 

[0023] 

Therefore, according to this invention, since it was 
designed to judge whether or not a vehicle is in a theft state 
on the basis of vibration of the vehicle, it becomes possible 
to surely detect vibration of the vehicle due to a turbulent 
action which may lead to theft. 

[0024] 

Also, an anti-theft apparatus which relates an invention 
of claim 7 is characterized in that, in the invention as set 
forth in claim 6, the theft judgment unit judges whether or not 
the vehicle is in the theft state on the basis of a detection 
result of an acceleration detection unit which was disposed at 
an outer edge part of the vehicle. 
[0025] 

Therefore, according to this invention, since it was 
designed to judge whether or not a vehicle is in a theft state 
on the basis of the detection result of the acceleration detection 
unit which was disposed at the outer edge part of the vehicle, 
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in case that a theft state which is assumed to be vibration is 
intended to be detected, vibration which is applied to a vehicle 
is detected easier at the outer edge part, so that it becomes 
possible to improve detection accuracy. 
[0026] 

Also, an anti-theft apparatus which relates to an invention 
of claim 8 is characterized in that the sensitivity switching 
unit switches each detection sensitivity in such a manner that 
the second detection sensitivity of the acceleration detection 
unit which was disposed at a central part of the vehicle becomes 
higher than the second detection sensitivity of the acceleration 
detection unit which was disposed at the outer edge part of the 
vehicle. 

[0027] 

Therefore, according to this invention, since it was 
designed to switch each detection sensitivity in such a manner 
that the second detection sensitivity of the acceleration 
detection unit which was disposed at a central part of the vehicle 
becomes higher than the second detection sensitivity of the 
acceleration detection unit which was disposed at the outer edge 
part of the vehicle, it becomes possible to secure detection 
accuracy at the central part, taking into consideration that 
vibration which is applied to a vehicle is detected easier at 
the outer edge part. 

[0028] 
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Also, an anti-theft apparatus which relates to an invention 
of claim 9 is characterized in that, in the invention as set 
forth in any one of claims 1 to 8, the acceleration detection 
unit is an acceleration sensor which was disposed in a front 
collision air bag ECU, an acceleration sensor which was disposed 
in a side collision air bag ECU, an acceleration sensor which 
is used for electronic control suspension and/or an acceleration 
sensor which is used for a vehicle stability control system* 

[0029] 

Therefore, according to this invention, since it was 
designed to utilize an acceleration sensor which was disposed 
in a front collision air bag ECU, an acceleration sensor which 
was disposed in a side collision air bag ECU, an acceleration 
sensor which is used for electronic control suspension and/or 
an acceleration sensor which is used for a vehicle stability 
control system, it is possible to detect a theft state (concretely 
speaking, inclination or vibration) by an acceleration sensor 
which is basically fixed to a vehicle stoutly and to which a 
behavior to the vehicle is directly applied, and thus, it becomes 
also possible to not only reduce a cost but also to improve 
detection accuracy, as compared with such a case that an 
anti-theft dedicated ECU is provided at later time. 

[0030] 

Also, an anti-thef t apparatus which relates to an invention 
of claim 10 further comprises, in the invention as set forth 
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in any one of claims 1 to 9, a noise elimination unit for 
eliminating noise from the detection result of said acceleration 
detection unit, and is characterized in that the theft judgment 
unit judges whether or not the vehicle is in the theft state 
on the basis of the detection result from which noise was 
eliminated by the noise elimination unit, 
[0031] 

Therefore/ according to the invention, since it was 
designed to eliminate noise from the detection result of the 
acceleration detection unit , and to judge whether or not a vehicle 
in a theft state on the basis of the detection result from which 
noise was eliminated, it is possible to remove a high-frequency 
noise component (high-frequency noise component according to 
vibration, which is different from inclination due to jack-up, 
and electromagnetic wave noise, and so on) which acts as a drag 
on the occasion of. judging a theft state (concretely speaking, 
inclination or vibration) of a vehicle, and it becomes possible 
to judge the theft state of the vehicle with a high degree of 
accuracy, 

[0032] 

Also, an anti^ theft apparatus which relates to an invention 
of claim 11 is characterized in that, in the invention as set 
forth in claim 10, the noise elimination unit eliminates the 
noise by switching a cutoff frequency of a filter which is 
additionally disposed in the acceleration detection unit to a 
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frequency which corresponded to theft judgment of the vehicle. 
[0033] 

Therefore, according to this invention, since it was 
designed to eliminate noise, by switching a cutoff frequency 
of a filter which is additionally disposed in the acceleration 
detection unit to a frequency which corresponded to theft 
judgment of the vehicle, it becomes possible to simply eliminate 
a high-frequency noise component, by switching of so-called 
high-pass and low-pass filer circuits . 

[0034] 

Also, an anti-theft apparatus which relates to an invention 
of claim 12 is characterized in that, in the invention as set 
forth in claim 10, the noise elimination unit eliminates said 
noise, by periodically integrating the detection result of the 
acceleration detection unit. 
[0035] 

Therefore, according to this invention, since it was 
designed to eliminate noise by periodically integrating the 
detection result of the acceleration detection unit, it becomes 
possible to simply eliminate a high-frequency noise component 
without using a filter circuit. 

[0036] 

Also, an anti-theft apparatus which relates to an invention 
of claim 13 is characterized in that, in the invention as set 
forth in claim 10, the noise elimination unit eliminates the 
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noise by switching a cutoff frequency of a filter which is 
additionally disposed in the acceleration detection unit to a 
frequency which corresponded to theft judgment of the vehicle, 
and by periodically integrating the detection result of the 
acceleration detection unit. 
[0037] 

Therefore/ according to this invention since it was 
designed to eliminate noise, by switching a cutoff frequency 
of a filter which, is additionally disposed in the acceleration 
detection unit to a frequency which corresponded to theft 
judgment of the vehicle, and by periodically integrating the 
detection result of the acceleration detection unit, it becomes 
possible to simply and surely eliminate a high-frequency noise 
component , by simultaneous use of a filter circuit andperiodical 
integration, 

[0038] 

Also, an anti-theft apparatus which relates to an invention 
of claim 14 is characterized in that, in the invention as set 
forth in any one of claims 1 to 13, the acceleration detection 
unit is contained in a predetermined unit together with various 
devices, and power is supplied thereto from a battery which was 
mounted on the vehicle or a dry battery which was contained in 
the predetermined unit, in the same manner as in the various 
devices, and further comprises a power supply control unit for 
controlling the power source only to the acceleration detection 
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unit in the predetermined unit , and the theft j udgment unit j udges 
whether or not the vehicle is in the theft state on the basis 
of the detection result of the acceleration detection unit which 
was controlled so as to supply the power source by the power 
supply control unit. 
[0039] 

Therefore, according to this invention, since it was 
designed to control so as to supply power only to an acceleration 
detection unit in a predetermined unit, in response to an 
anti-theft instruction, in case of utilizing an acceleration 
detection unit which is contained in a predetermined unit 
together with various devices, and to which power is supplied, 
in the same manner as various devices,, from a battery which was 
mounted on a vehicle or a dry battery which was contained in 
the predetermined unit, and to judge whether or not a vehicle 
is in a theft state on the basis of the detection result of the 
acceleration detection unit which was controlled so as to supply 
the power source, it becomes possible to surely detect the theft 
state (concretely speaking, inclination or vibration) of a 
vehicle, in addition to effectively using power of the battery 
or the dry battery. 

[0040] 

Also , an anti-theft apparatus which relates to an invention 
of claim 15 is characterized in that, in the invention' as set 
forth in claim 14, the power supply control unit controls so 
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as to intermittently supply the power source from the battery 
or dry battery to the acceleration detection unit, 
[0041] 

Therefore, according to this invention, since it was 
designed to control so as to intermittently supply the power 
source to the acceleration detection unit from the battery or 
dry battery, it is possible to more reduce consumption of the 
battery or dry battery, and it becomes possible to more 
effectively use power of the battery or dry battery, 

[0042] 

Also, an anti-theft apparatus which relates to an invention 
of claim 16 is characterized in that, in the invention as set 
forth in claim 14 or 15, the power supply control unit controls 
so as to stop supply of the power source to the acceleration 
detection unit, in case that a voltage of the battery or dry 
battery became a predetermined voltage and below. 
[0043] 

Therefore, according to this invention, since it was 
designed to control so as to stop supply of the power source 
to the acceleration detection unit, in case that a voltage of 
the battery or dry battery became a predetermined voltage and 
below, it becomes possible to urgently avoid consumption of the 
battery or dry battery, so as to secure power to a portion which 
is indispensable for a vehicle, 

[0044] 
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Also, an anti-theft apparatus which relates to an invention 
of claim 17 further comprises, in the invention as set forth 
in any one of claims 1 to 16, a monitoring unit for monitoring 
a state of the vehicle and for sending out the anti-theft 
instruction, and is characterized in that the sensitivity 
switching unit switches detection sensitivity of the 
acceleration detection unit to detection sensitivity which is 
available for theft judgment of the vehicle, when it receives 
the anti-theft instruction which was sent out by the monitoring 
unit* 

[0045] 

Therefore, according to this invention, since it was 
designed to monitor a state of a vehicle and to send out an 
anti-theft instruction, and to switch detection sensitivity of 
the acceleration detection unit to detection sensitivity which 
is available for theft judgment of the vehicle, in response to 
the anti-theft instruction which was sent out, it becomes 
possible to properly send out the anti-theft instruction in 
accordance with such a state that the vehicle is parked and so 
on, and to switch the detection sensitivity always at appropriate 
timing. 

[0046] 

Also, an anti-theft apparatus which relates to an invention 
of claim 18 is characterized in that, in the invention as set 
forth in claim 17 , the monitoring unit monitors an ON-OFF state 
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of an ignition key, and sends out the anti-theft instruction, 
in case that the ignition key was turned to the OFF state. 
[0047] 

Therefore, according to this invention, since it was 
designed to monitor the ON-OFF state of the ignition key and 
to send out the anti-theft instruction in case that the ignition 
key was turned to the OFF state, it is possible to automatically 
send out the anti-theft instruction, assuming that the OFF state 
of the ignition key is deemed to be a parked state of the vehicle, 
and it becomes possible to switch the detection sensitivity 
always at appropriate timing, without necessity of a special 
operation for anti-theft by a driver. 

[0048] 

Also, an anti-theft method which relates to an invention 
of claim 19 is characterized by including an acceleration 
detection step of detecting acceleration in a predetermined 
direction, a result of said detection in a first detection 
sensitivity being used for a predetermined vehicle control, a 
sensitivity switching unit of switching the detection 
sensitivity of the acceleration detection step to a second 
detection sensitivity which is different from the first detection 
sensitivity when an anti-theft instruction for instructing 
prevention of theft was received, and a theft judgment step of 
judging whether or not the vehicle is in a theft state on the 
basis of the detection result of the acceleration detection step 

25 



06- 3- 9; 2 : 1 1 PM ; NGB ftf0 



OLIFF 



;0355613955 



# 31/ 76 



which was switched to the second detection sensitivity by the 
sensitivity switching step, 
[0049] 

Therefore, according to this invention, since it was 
designed that acceleration of a vehicle in a predetermined 
direction is detected, and detection sensitivity of the 
acceleration detection step whose detection result in the first 
detection sensitivity (e.g., it is detection sensitivity at which 
a mechanical shock for controlling an air bag can be detected, 
and approximately ±100G) is used for predetermined vehicle 
control is switched to the second detection sensitivity 
(concretely speaking, it is detection sensitivity which is 
available for theft judgment of a vehicle. For example, it is 
detection sensitivity at which inclination of a vehicle due to 
jack-up and so on can be detected, and approximately ±2G. Or 
detection sensitivity at which vibration of a vehicle due to 
a turbulent action which may lead to theft can be detected, and 
so on) , and then, in case that acceleration which was switched 
to the second detection sensitivity and detected in the 
acceleration detection step exceeds the predetermined threshold 
value, it was judged is that the vehicle is in the theft state, 
even in case that various acceleration sensors, which are mounted 
on a vehicle for an application other than anti-theft, are also 
used for anti-theft, it becomes possible to surely detect the 
theft state of a vehicle. 
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[0050] 

Also, an anti-theft program which relates to an invention 
of claim 20 is characterized by having a computer executed an 
acceleration detection step of detecting acceleration in a 
predetermined direction, a result of the detection in a first 
detection sensitivity being used for a predetermined vehicle 
control , a sensitivity switching unit of switching the detection 
sensitivity of the acceleration detection step to a second 
detection sensitivity which is different from the first detection 
sensitivity when an anti-theft instruction for instructing 
prevention of theft was received, and a theft judgment step of 
judging whether or not the vehicle is in a theft state on the 
basis of the detection result of the acceleration detection step 
which was switched to the second detection sensitivity by the 
sensitivity switching step* 
[0051] 

Therefore, according to this invention, since it was 
designed that acceleration of a vehicle in a predetermined 
direction is detected, and detection sensitivity of the 
acceleration detection step whose detection result in the first 
detection sensitivity (e.g., it is detection sensitivity at which 
a mechanical shock for controlling an air bag can be detected, 
and approximately ±100G) is used for predetermined vehicle 
control is switched to the second detection sensitivity 
(concretely speaking, it is detection sensitivity which is 
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available for theft judgment of a vehicle. For example, it is 
detection sensitivity at which inclination of a vehicle due to 
jack- up and so on can be detected, and approximately ±2G. Or 
detection sensitivity at which vibration of a vehicle due to 
a turbulent action which may lead to theft can be detected, and 
so on) , and then, in case that acceleration which was switched 
to the second detection sensitivity and detected in the 
acceleration detection step exceeds the predetermined threshold 
value, it was judged is that the vehicle is in the theft state, 
even in case that various acceleration sensors , which are mounted 
on a vehicle for an application other than anti-theft, are also 
used for anti-theft, it becomes possible to surely detect the 
theft state of a vehicle . 
[0052] 

[Mode for Carrying Out the Invention] 

Hereinafter, with reference to the accompanying drawings, 
as a first embodiment, a preferred embodiment of an anti-theft 
apparatus, an anti-theft method and an anti-theft program which 
relate to this invention will be described in detail . In addition, 
in the following, after an overview and a feature of an anti-theft 
apparatus which relates to this invention is described, a 
structure and process procedures of this anti-theft apparatus 
will be described, and finally, as other embodiments, various 
modifications will be described. 

[0053] 
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(Overview and Features of Anti-theft Apparatus) 
At the beginning, an overview and features of the 
anti-theft apparatus which relates to this invention will be 
described. Fig.l is a view showing a functional conceptual 
schematic structure of the anti-theft apparatus which relates 
to this invention. As shown in the same figure, this anti-theft 
apparatus, schematically, is one which uses an acceleration 
sensor IX which is incorporated in an air bag ECU 10 (electronic 
control unit for detecting a mechanical shock from a 
predetermined direction to ignite an air bag) which was mounted 
on a vehicle, as an inclination sensor, and which prevent theft 
of a vehicle and a tire due to jack-up and so on. 
[0054] 

In other words, as shown in Fig. 2 (a) , various acceleration 
sensors are mounted on a vehicle, and, in the anti-theft apparatus 
which relates to this invention, in case that a vehicle is parked, 
a detection result of the acceleration sensor 11 which was 
disposed in the air bag ECU 10 for use in front collision is 
outputted to an anti-theft ECU 20. And/ in an inclination 
judgment part of this anti-theft ECU 20, inclination of a vehicle 
is judged on the basis of the detection result of the acceleration 
sensor 11, and in case that the vehicle is being inclined to 
such extent that theft due to jack-up is assumed, an anti^theft 
alarm is outputted through an alarm part 22. 

[0055] 
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In this manner, the anti-theft apparatus which relates 
to this embodiment is one which intends to prevent theft due 
to jack-up and so on by utilizing the acceleration sensor 11 
which was disposed in the air bag ECU 10, but a main feature 
of this anti-theft apparatus is on such a point that, even in 
case that an acceleration sensor which is mounted on a vehicle 
for an application other than anti-theft is also used for 
anti-theft, like the acceleration sensor 11 of the air bag ECU 
10, it is possible to surely detect inclination of a vehicle 
due to jack-up and so on. 

[0056] 

Describing this concretely, in case of a Y direction 
acceleration sensor (see, Fig. 2 (a)) which was disposed in the 
front collision air bag ECU 10, its detection sensitivity is 
set up to approximately ±100G from the view point of shock 
detection. On the other side, when assumed is such a state that 
a vehicle with vehicle width of 165cm is lifted in a Y direction 
by approximately 20cm due to jack-up and so on, since an output 
of the acceleration sensor 11 in this state becomes approximately 
125mv (see, Figs. 2(b) and (c) ) , in order to surely detect this 
inclination state, detection sensitivity of approximately ±2G 
is required. 

[0057] 

In shirt, detection sensitivity which is required on the 
occasion of anti-theft (detection of inclination of a vehicle 
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due to jack-up and so on) (approximately ±2G) is remarkably high 
as compared with detection sensitivity which is necessary for 
detecting a shock (approximately ±10G) . Therefore, in case that 
such a state that a vehicle was lifted in a Y direction by 
approximately 20cm was assumed to be a critical point for 
anti-theft/ even if the acceleration sensor 11 is intended to 
be used for anti-theft as an inclination sensor, since detection 
sensitivity is too much low as it is, it isnotnecessarilypossible 
to surely detect inclination of a vehicle due to jack-up and 
so on. 

[0058] 

In this connection, in this embodiment, a GAIN switching 
part 16 of the air bag ECU 10 switches detection sensitivity 
of the acceleration sensor 11 to detection sensitivity which 
is available for theft judgment (inclination judgment) of a 
vehicle (approximately ±2G) , and an inclination judgment part 
21 of the anti-theft ECU 20 judges whether or not a vehicle is 
in a theft state (whether or not a vehicle is being inclined 
due to a theft action) on the basis of a detection result of 
the acceleration sensor 11 which was switched to the such 
detection sensitivity. That is, by this, it is designed to be 
able to surely detect inclination of a vehicle due to jack~up 
and so on. In addition, in Fig.l, the acceleration sensor 11, 
the GAIN switching part 16 and the inclination judgment part 
21 correspond to ^acceleration detection unit", "sensitivity 
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switching unit" and * theft judgment unit" as described in the 
claims, respectively. 
[0059] 

Also, the anti-theft apparatus which relates to this 
embodiment is one which has also additionally features as recited 
in the following with regard to the above-described main feature . 
In other words, in this embodiment, in alignment with the 
above-described switching of detection sensitivity, a noise 
elimination part 17 of the air bag ECU 10 switches a cutoff 
frequency of a filter which is additionally disposed in the 
acceleration sensor 11 from 200Hz to approximately 50Hz. That 
is, by this, it is designed tobe able to eliminate a high-frequency 
noise component (high-frequency noise component according to 
vibration, which is different from inclination due to jack-up, 
and electromagnetic wave noise, and so on) which acts as a drag 
on the occasion of judging inclination of a vehicle from the 
detection result of the acceleration sensor 11, and to be able 
to judge inclination of the vehicle with a high degree of accuracy . 
In addition, in Fig.l, the noise elimination part 17 corresponds 
to "noise elimination unit-" as described in the claims, 
[0060] 

Also, in this embodiment, in alignment with the 
above-described switching of detection sensitivity, a power 
supply control part 18 of the air bag ECU 10 switches power source 
supply so as to supply power from a battery 30 only to the 



32 



06- 3-9; 2:1 1 PM; NGB 



01 1 FF 



J0355613955 



# 38/ 76 



acceleration sensor 11 in the air bag ECU 10 (i.e., stops power 
source supply to another devices such as a CPU which is originally 
incorporated in the air bag ECU 10 and which performs a function 
while driving, and so on) . That is, by this, it is designed 
to be able to surely detect inclination of a vehicle, in addition 
to effectively using power of the battery 11. In addition, in 
Fig.l, the power supply control part 18 corresponds to "power 
supply unit" as described in the claims. 
[0061] 

Further, in this embodiment, an IG key monitor 19 of the 
air bag ECU 10 monitors an ON-OFF state of an IG key SW (ignition 
key switch) 40, and in case that it was turned to the OFF state, 
an anti-theft instruction is sent out to the noise elimination 
part 17 and the power supply control part 18, to have switching 
of detection sensitivity, switching of a filter and switching 
of power supply executed, respectively. That is, by this, it 
is designed to automatically send out the anti-theft instruction, 
assuming that the OFF state of the IG key SW 40 is deemed to 
be a parked state of a vehicle, and to always switch detection 
sensitivity always at appropriate timing, without necessity of 
a special operation for anti-theft by a driver. In addition, 
in Fig - 1, the IG key monitor 19 corresponds to "monitoring unit" 
as described in the claims. 

[0062] 

(Structure of Anti-theft Apparatus) 
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Next , a structure of the anti-thef t apparatus which relates 
to this embodiment will be described- Fig. 2 is a block diagram 
showing a structure of the anti-theft apparatus which relates 
to this embodiment . As shown in the same figure, this anti-theft 
apparatus is configured by connecting the air bag ECU 10 and 
theanti-theftECU20, and, in the following, after (1) a structure 
of the air bag ECU 10 and (2) a structure of the anti-theft ECU 
20 will be described, respectively, (3) a structure of a 
peripheral circuit of the acceleration sensor 11 will be 
described. 

[0063] 

(1) Air Bag ECU 

The air bag ECU 10 is basically an electronic control unit 
for detecting shocks from a front direction and a lateral 
direction, when a vehicle is in operation (in case that the IG 
key SW 40 is in the ON state) as the front collision air bag 
ECU 10 {see, Fig. 1(a)) to ignite an air bag. And, as its basic 
structure, as shown in Fig. 3, it is equipped with X direction 
acceleration sensor 11a and Y direction acceleration sensor lib 
(correspond to the acceleration sensor 11 shown in Fig.l), a 
CPU 12, and a backup power source 13, an ASIC 14, a 5V power 
source 18c, and a boosting power source 18d. 
[0064] 

That is, in this air bag ECU 10, in case that the IG key 
SW 40 is in the ON state, from the X direction acceleration sensor 
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11a and Y direction acceleration sensor lib (hereinafter, these 
are referred to acceleration sensor 1 1 at pleasure) for detecting 
respective accelerations in the X direction and Y direction, 
detection results are inputted to the CPU 12. And, the CPU 12 
judges whether or not there occurred a shock due to collision 
of a vehicle from that detection result, and in case that the 
suchlike shock was detected, by a squib 15 (processing part for 
having chemicals (inflator) , which generates nitrogen system 
gas, burnt) through the ASIC 14, it is controlled to blow up 
the bag instantaneously. 
[0065] 

In addition, in fig, 3, the 5V power source 18c is means 
for carrying out voltage conversion in order to obtain a voltage 
of ±5V from an input voltage (battery 30 or backup power source 
13), and the backup power source 13 is means for boosting the 
input voltage through the boosting power source 18d, in case 
that a voltage of the battery 30 became a allowable value and 
below, and for supplying a power source to each acceleration 
sensor 11, the CPU 12 and the ASIC 14. 

[0066] 

On one hand, the air bag ECU 10 is, other than the suchlike 
basic structure, as a structure which relates to the 
above-described feature, as shown in Fig* 3, equipped with a X 
direction GAIN switching part 1 6a and a Y direction GAIN switching 
part 1 6b ( correspond to the GAIN switching part 1 6 shown in Fig . 1 ) , 
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a X direction filter switching part 17a and a Y direction filter 
switching part 17b (correspond to the noise elimination part 
17 shown in Fig.l), a power supply control SW 18a and a power 
supply control SW 18b (correspond to the power supply control 
part 18 shown in Fig.l) , and an IG key monitor 19. A structure 
which relates to these features will be described. 
[0067] 

The X direction GAIN switching part 16a and Y direction 
GAIN switching part 16b (hereinafter, these are referred to as 
GAIN switching part 16 at pleasure) is a processing part which 
receives an anti-theft instruction frotn the IG key monitor 19, 
and which switches detection sensitivity of each acceleration 
sensor 11 to detection sensitivity which is available for 
inclination judgment. Concretely speaking, with regard to the 
X direction acceleration sensor 11a, it switches detection 
sensitivity which was set up to approximately ±50G from the 
viewpoint for detecting a shock to approximately ±2G, and with 
regard to the Y direction acceleration sensor lib, it switches 
detection sensitivity which was set up to approximately ±100G 
in the same manner to detection sensitivity of approximately 
±20G, As a result, after the IG key SW 40 was turned to the 
OFF state, an acceleration sensor output of the acceleration 
sensor 11 is outputted to the anti-theft ECU 20 with resolution 
of approximately ±2G- In addition, this switching of the 
detection sensitivity will be described later as * (3) Structure 
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of Peripheral Circuit of Acceleration Sensor". 
[0068] 

The X direction filter switching part 17a and Y direction 
filter switching part 17b (hereinafter, these are referred to 
as noise elimination part 17 at pleasure) is a processing part 
which receives an anti-theft instruction from the IG key monitor 
19, and which switches a cutoff frequency of a filter in order 
to eliminate high-frequency noise from detection result of each 
acceleration sensor 11* Concretely speaking, it switches the 
filter from high-pass of approximately 200Hz (low-cut) to 
low-pass of approximately 50Hz (high-cut) . In addition, this 
switching of the filter will be also described later as "(3) 
Structure of Peripheral Circuit of Acceleration Sensor". 

[0069] 

The power supply control SW 18a and the power supply control 
SW18b {hereinafter, these are referred to as power supply control 
part 18 at pleasure) is a processing part which receives the 
anti-theft instruction from the IG key monitor 19, and which 
switches power supply so as to supply power from the battery 
30 only to the acceleration sensor 11 in the air bag ECU 10. 
Concretely speaking, as shown in Fig. 3, in case that the IG key 
SW 40 was turned to the OFF state, receiving the anti-theft 
instruction from the IG key monitor 19, the power supply control 
SW 18a is turned to the "ON" state and the power supply control 
SW 18b is turned to the "OFF" state, and as a result of that, 
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power supply to the CPU 12 and so on is stopped, and power is 
supplied only to the acceleration sensor 11. 
[0070] 

The IG key monitor 19 is a processing part which monitors 
the ON/ OFF states of the IG key SW 40, and which, in case that 
the IG key SW 40 was turned to the OFF state, sends out the 
anti-theft instruction to the GAIN switching part 16, the noise 
elimination part 17 and the power supply control part 18. In 
addition, in case that the IG key SW 40 was turned to the ON 
state, it sends out an anti-theft release instruction to each 
part, and switches each to such a state that a vehicle is in 
operation, 

[0071] 

(2) Anti-theft ECU 

Subsequently, a structure of the anti-theft ECU 20 will 
be described, but this anti-theft ECU 20 is, as shown in Fig. 3, 
equipped with a 5V power source 23, a receiving circuit 25, a 
transmission circuit 26, and an output TR 27, and a emergency 
notification transmission antenna 22a, a siren 22b, a hazard 
lamp 22c, a head lamp 22d, and a security receiving antenna 24 
are connected thereto. 

[0072] 

Here, the CPU 21 (corresponds to the inclination judgment 
part 21 shown in Fig. 1) is a processing part which judges whether 
or not a vehicle is in a theft state (concretely speaking, whether 
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or not it is inclined) , on the basis of a detection result of 
the acceleration sensor 11 in the air bag ECU 10. Concretely 
speaking, it judges whether or not a detection result in the 
X direction acceleration sensor 11a or the Y direction 
acceleration sensor lib exceeds a threshold value (e^g., 0.1G) - 
In addition, this threshold value is a threshold value in case 
of surely detecting such a state that a vehicle with vehicle 
width of 165cm was lifted by 20cm and more, and since resolution 
of a microcomputer A/D is lObit (1024LSB) andlLSB = 4mGis realized, 
0.1G (25LSB) is made to be a detection threshold value. 
[0073] 

And, the CPU (inclination judgment part) 21 carries out 
the following alarm action in case that the detection result 
of the acceleration sensor 11 exceeds the threshold value . That 
is, alarm siren is sounded from the siren 22b through the output 
TR 27, and the hazard lamp 22c and/or the head lamp 22d are made 
to be flashed, and further, an emergency situation is notified 
to an owner from the emergency notification antenna 22a through 
the transmission circuit 26. 

[0074] 

In addition, the CPU 21 receives ON/ OFF of security from 
the security receiving antenna 24 through the receiving circuit 
25, and changes a function of the ant i- the ft ECU 20 to the OFF 
state, in case that the anti-theft ECU 20 is not desired to be 
operated for various circumstances such as repair of a vehicle, 
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tow of a vehicle, and so on. Also, the anti-theft ECU 2 0 receives 
supply of a power source from the battery 30 through the 5V power 
source 23 for carrying out voltage conversion for obtaining a 
voltage of ±5V from the input voltage, and is operated. 
[0075] 

( 3 ) Structure of Peripheral Circuit of Acceleration Sensor 
Subsequently, a structure of a peripheral circuit of the 
acceleration sensor 11 will be clarified, and then, detection 
sensitivity switching and filter switching will be described. 
Fig. 4 is a view showing a structure of a peripheral circuit of 
the acceleration sensor, and Fig. 5 is a view illustrating the 
detection sensitivity switching and filter switching. 
[0076] 

As shown in Fig. 4, in an acceleration sensor IC in which 
an acceleration sensor chip and an AMP (amplifier) were 
incorporated, an output terminal of the acceleration sensor chip 
is connected to an input terminal of a microcomputer {CPU 12 
or CPU 21 shown in Fig. 3) through a capacitor CI, a resistor 
R2 (100K) and a resistor Rl (100k). Also, intheAMP (amplifier) 
of the acceleration sensor IC, a reference power source 2.5V 
is connected to a plus side input terminal, and also, a minus 
side input terminal (Vi) is connected to connection terminals 
of theresistorsRlandR2, andan output terminal (Vo) is connected 
to an input terminal of a microcomputer. Further, as shown in 
the same figure, a filter switching SW 2 is parallel-connected 
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to the capacitor CI, and a resistor 2/ and a GAIN switching SW 
are parallel-connected to the resistor R2, and a capacitor 
C2 and a filter switching SW 3 are parallel-connected to the 
resistor Rl. 
[0077] 

In the suchlike circuit structure, in case that the IG 
key SW 40 is in the ON state, as shown in Fig. 5(a), by control 
of the IG key monitor 19, the GAIN switching SW 1, the filter 
switching SW 2 and the filter switching SW 3 are all turned to 
the OFF state. And, in this case, since a circuit shown in fig. 4 
becomes a structure shown in Fig. 5(b) (i*e., Vo=- (Vi-2 , 5) R1/R2 
is realized. ) , GAIN becomes approximately ±50G, and a cutoff 
frequency of a filter becomes 200Hz. (high-pass) . 

[0078] 

. In case that the IG key SW 40 was turned to the OFF state 
from the suchlike state, receiving the anti-theft instruction 
from the IG key monitor 19, the GAIN switching SW 1, the filter 
switching SW 2 and the filter switching SW 3 are all turned to 
the ON state. And, in this case, since a circuit shown in fig, 4 
becomes a structure shown in Fig. 5(c) (i.e., Vo — (Vi-2 . 5) R1/R3, 
R3 = R2xR2' (R2+R2' ) are realized. ), GAIN is switched to 
approximately ±2G, and a cutoff frequency of the filter becomes 
50Hz (low-pass) . 
[0079] 

(Process Procedure of Anti-theft Apparatus) 
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Next , process procedures of the anti-theft apparatus which 
relates to this embodiment will be described* Fig, 6 is a flow 
chart showing process procedures of the anti-theft apparatus 
which relates to this embodiment- As shown in the same figure, 
the IG key monitor 19 of the air bag ECU 10 repeatedly monitors 
whether or not the IG key SW 40 was turned to the OFF state (step 
S601) . 

[0080] 

And, in case that the IG key SW 40 was turned to the OFF 
state (affirmative in the step S601) , the IG key monitor 19 sends 
out the anti-theft instruction to the GAIN switching part 16, 
the noise elimination part 17 and the power supply control part 
18, and has switching of detection sensitivity (GAIN), switching 
of the filter and switching of power supply executed, 
respectively (step S602) . That is, detection sensitivity of 
the acceleration sensor 11 is switched to approximately ±2G, 
and also, the filter is switched to low-pass (high-cut) of 
approximately 50Hz, and further, power supply is switched so 
as for the power source to be supplied only to the acceleration 
sensor 11- 

[0081] 

Subsequently, the inclination judgment part 21 
successively judges whether or not a detection result of the 
acceleration sensor 11 exceeds a threshold value (e.g., 0,1G) 
(step S603), and further, the IG key monitor 19 successively 
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monitors whether or not the IG key SW 40 was turned to the ON 
state (step S605) . As a result, in case that the detection result 
of the acceleration sensor 11 is exceeding the threshold value 
(affirmative in the step S603) , the inclination judgment part 
21 outputs alarm through the siren 22b, the hazard lamp 22c, 
the head lamp 22d and/or emergency notification antenna 22a (step 
S604) , 

[0082] 

On one hand, in case that the IG key SW 40 was turned to 
the ON state (affirmative in the step S605) , the IG key monitor 
19 sends out an anti-theft release instruction to the GAIN 
switching part 16, the noise elimination part 17 and the power 
supply control part 18, and switches each to such a state that 
a vehicle is in operation (step S606) . That is, detection 
sensitivity of the acceleration sensor 11 is switched to 
approximately +100G, and also, the filter is switched to 
high-pass (low-cut) of approximately 200Hz, and further, power 
supply is switched so as for the power source to be supplied 
to the CPU 12 and so on other than the acceleration sensor 11. 

[0083] 

As described above, according to the anti-theft apparatus 
which relates to this embodiment, even in case that the 
acceleration sensor 11 of the air bag ECU 10 which is mounted 
on a vehicle for an application other than anti-theft is also 
used for anti-theft, it becomes possible to surely detect 
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inclination of a vehicle due to jack-up and so on. In addition, 
since it is possible to detect the inclination by an acceleration 
sensor which is basically fixed to a vehicle stoutly and to which 
abehavior to the vehicle is directly applied, it becomes possible 
to not only reduce a cost but also to improve detection accuracy, 
as compared with such a case that an anti-theft dedicated ECU 
(electronic control unit) is provided at later time* 
[0084] 

Also, according to the anti-theft apparatus which relates 
to this embodiment, since it is possible to eliminate a 
high-frequency noise component which acts as a drag on the 
occasion of judging inclination of a vehicle, it becomes possible 
to judge the inclination of the vehicle with a high degree of 
accuracy. Also, it becomes possible to surely detect 
inclination of a vehicle, in addition to effectively using power 
of the battery 11 . Further, since it is possible to automatically 
send out the anti-theft instruction, assuming the OFF state of 
the IG key SW 4 0 to be such a state that a vehicle is in operation, 
it becomes possible to switch the detection sensitivity and so 
on always at appropriate timing, without necessity of a special 
operation for anti-theft by a driver. 
[0085] 

(Other Embodiment) 

In the meantime, up to this, the embodiments of this 
invention were described, but this invention, other than the 
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above-described embodiments, may also be carried out by various 
different embodiments within the scope of a technical concept 
which was described in claims. In this connection, in the 
following, different embodiments will be describedby separating 
into (1) structure, (2) acceleration sensor, (3) noise 
elimination, (4)power supply, (5) anti-theft instruction, and 
(6) vibration of a vehicle, respectively. 
[0086] 

(1) Structure 

In this embodiment, described was such a case that 
structures which relates to features of this invention, like 
the GAIN switching part 16, the noise elimination part 17, the 
power supply control part 18 and the.IG key monitor 19 are mounted 
on the air gab ECU 10, but this invention is not limited to this, 
and is also applicable in the same manner to, for example, such 
a case that all or a part of these structures are mounted on 
a part other than the air bag ECU 10, such as these structures 
being mounted on the ant i- theft ECU 20, and so on. In the same 
manner as this, each structural element of the anti-theft 
apparatus shown in Figs-1 and 3 is functional conceptual one, 
and it is not necessarily required that it is configured 
physically as shown in the figure, and it is possible to configure 
it by functionally or physically dispersing/integrating all or 
a part of them with an arbitrary unit, according to a processing 
load, a manufacturing state, a use state and so on. 
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[0087] 

Further, a circuit structure and an ON/OFF theory of the 
anti-theft apparatus shown in Figs. 3 and 4 are not limited to 
ones shown in the figures , but may be conf iguredby another circuit 
and theory which perform similar functions. Also, in the same 
manner as this, with regard to each processing function which 
is carried out in the anti-theft apparatus which relates to this 
embodiment, all or an arbitrary part of them may be realized 
by a CPU and a program which is analytically executed by the 
CPU, or may be realized as hardware according to wired logic. 

[0088] 

Also, it is possible to automatically carry out all or 
a part of processing (e.g., switching of detection sensitivity, 
switching of a filter, switching of a power source, and so on) 
which was described as one which is automatically carried out, 
out of each processing which is carried out in the anti-theft 
apparatus which relates to this embodiment. Further, it is 
possible to arbitrarily change process procedures, control 
procedures and concrete names which were shown in the above text 
and figures, and information including various data and 
parameters (e.g.,, threshold value of inclination judgment, GAIN 
value, cutoff frequency, resistor value, and so on) except for 
a specified case. 

[0089] 

(2) Acceleration Sensor 
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In this embodiment/ described was such a case that both 
of the X direction acceleration sensor 11a and the Y direction 
acceleration sensor lib which were incorporated in the front 
collision air bag ECU 10 are also used for anti-theft, but this 
invention is not limited to this, and is also applicable in the 
same manner to such a case that only one direction inclination 
judgment is carried out by only one of these (e.g./ Y direction 
acceleration sensor lib) - 

[0090] 

Also, in this embodiment, described was such a case that 
the acceleration sensor which was incorporated in the front 
collision air bag ECU 10 is also used for anti-theft, but this 
invention is not limited to this, and is applicable in the same 
manner to any acceleration sensor which was mounted on a vehicle . 
That is, as shown in Fig.2(a), on a vehicle, an acceleration 
sensor which was disposed in a side collision air bag ECU (right 
side-side collision Y direction acceleration sensor, left 
side-side collision Y direction acceleration sensor) , an 
acceleration sensor which was disposed in a front collision front 
satellite sensor (left side-front collision X direction 
acceleration sensor, right side-front collision X direction 
acceleration sensor), a Z direction acceleration sensor which 
is used in an electronic control suspension, and a Y direction 
acceleration sensor which is used in a vehicle stability control 
system are mounted, but these acceleration sensors may be also 

47 



06- 3- 9; 2 M 1 PM; NGB ftMJ 



OLIFF 



! 03 55 61 39 55 



# 53/ 76" 



used for anti-theft in the same manner. In addition, even in 
case that these acceleration sensors are also used for anti-theft, 
its detection sensitivity is switched to approximately ±2G, but 
a threshold value of inclination judgment may be differentiated 
with respect to each acceleration sensor according to its 
mounting position. 
[0091] 

Also, in this invention, a plurality of acceleration 
sensors as described above may be also used for anti-theft, and 
inclination of a vehicle may be judged on the basis of each 
detection result. That is, to cite an example, it is a 
combination such as the left side-front collision X direction 
acceleration sensor and/or the right side-front collision X 
direction acceleration sensor and, the right side-side collision 
Y direction acceleration sensor and/or the left side-side 
collision acceleration sensor. By this, it is possible to judge 
the inclination in multiple aspects by a combination of 
detection results of the plurality of acceleration sensors and 
to prevent mis judgment, and it becomes possible to detect 
inclination of a vehicle with a high degree of accuracy. 
[0092] 

Also, in case that the plurality of acceleration sensors 
are also used for inclination judgment as described above, it 
is possible to judge that a vehicle is inclined, when a detection 
result of any one acceleration sensor exceeds the threshold value. 
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That is, to cite an example, in case that the Y direction 
acceleration sensor lib, the right side-side collision 
acceleration sensor and the left side-side collision Y direction 
acceleration sensor in the front collision air bag ECU 10 are 
also used for inclination judgment, if any one detection result 
exceeds the threshold value/ an alarm action will be carried 
out. By this, it is possible to simply judge the inclination 
of a vehicle on the basis of a detection result of any one 
acceleration sensor, and it becomes possible to promptly detect 
inclination of a vehicle. 
[0093] 

Further, in case that a plurality of same direction 
acceleration sensor are also used for inclination judgment as 
described above, it may be possible to judge on such a condition 
that all of respective detection results exceed the threshold 
value. That is, speaking on the above-described example, in 
case that all detection results of the Y direction acceleration 
sensor lib, the right side-side collision Y direction 
acceleration sensor, and the leftside-side collision Ydirection 
acceleration sensor exceeded the threshold value, an alarm action 
is carried out for the first time. By this, it is possible to 
carefully detect inclination of a vehicle on the basis of 
detection results of the plurality of acceleration sensors, and 
it becomes possible to detect inclination of a vehicle with a 
high degree of accuracy. 
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[0094] 

(3) Noise Elimination 

In this embodiment , described was such a case that noise 
is eliminated by a filter, but this invention is not limited 
to this, and is also applicable in the same manner to every noise 
elimination methods, such as, for example, periodical 
integration of a detection result of an acceleration sensor* 
That is, it is possible to simply eliminate a high-frequency 
noise component by periodical integration and so on, without 
using a filter circuit. 

[0095] 

Also, in this invention, it becomes possible to simply 
and surely eliminate a high-frequency noise component, not only 
by use of noise elimination by a filter but also by simultaneous 
use of noise elimination according to periodical integration 
as described above- In addition, also in case of adopting the 
noise elimination by periodical integration, in the same manner 
as switching of a cutoff frequency of a filter (switching of 
low-pass and high-pass) , a band of noise which is an object to 
be eliminated is switched - 

[0096] 

(4) Power Supply 

In this embodiment, described was such a case that power 
is supplied from the battery 30 of a vehicle, but this invention 
is not limited to this, and is also applicable in the same manner 
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to such a case that power is supplied from other part than the 
battery 30/ such as power being supplied from a dry battery which 
was mounted on the air bag ECU 10 and the anti-theft ECO 20, 
and so on* In addition, even in case that power is supplied 
from the dry battery which was mounted on the air bag ECU 10 
and the anti-theft ECU 20, it is controlled so as to supply power 
only to the acceleration sensor, in response to the anti-theft 
instruction. 
[0097] 

Also, in this invention, in case that power is supplied 
only to the acceleration sensor in the OFF state of the IG key 
SW 40/ it may be controlled so as to intermittently supply power . 
That is, by this, it is possible to further reduce consumption 
of the battery and dry battery, and it becomes possible to surely 
detect inclination of a vehicle, in addition to effectively using 
power of the battery or the dry battery. 

[0098] 

Further, in this invention, in case that a voltage of the 
battery or the dry battery becomes a predetermined voltage and 
below, as well as intermittent supply of power, it may be 
controlled so as to stop supply of power to the acceleration 
sensor. That is, by this, it becomes possible to urgently avoid 
consumption of the battery or dry battery, and to secure power 
to a portion which is indispensable for a vehicle- 

[0099] 
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(5) Anti-theft Instruction 

In this embodiment, described was such a case that the 
IG key monitor 19 monitors the ON/OFF states of the IG key SW 
40 to send out the anti-theft instruction to the GAIN switching 
part 16 and so on, but this invention is not limited to this, 
and is also applicable in the same manner to such a case that 
another state other than the IG key SW 40 (e.g., a drive state 
of an engine, a state of other switch and device, and so on) 
is monitored to send out the autotheft instruction, 

[0100] 

Also, in this invention, it may be designed to dispose 
a dedicated SW like an anti-theft instruction switch ina vehicle, 
and to send out the anti-theft instruction after the suchlike 
dedicated SW was operated so as to be turned ON. Furthermore, 
it may also be designed to combine this with the IG key SW 40, 
and to send out the anti-theft instruction after the ON operation 
of the dedicated SW and the OFF state of the IG key SW 40 were 
waited. 

[0101] 

(6) vibration of Vehicle 

In this embodiment, described was such a case that the 
acceleration sensor is also used as an inclination sensor, and 
theft of a vehicle and a tire due to j ack-up and so on is prevented, 
but this invention is not limited to this, and is also applicable 
in the same manner to such a case that the acceleration sensor 
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is also used as an inclination sensor, and theft is prevented 
by detecting vibration of a vehicle due to a turbulent action 
which may lead to theft, 
[0102] 

That is , in this case, in order to judge whether or not 
a vehicle is in a theft state (concretely speaking, whether or 
not a turbulent action which may lead to theft is carried out) , 
judged is whether or not a vehicle is vibrated on the basis of 
acceleration which is the detection result of the acceleration 
sensor 11. And, also in this case, in the same manner as the 
above-described embodiment, since vibration which is generated 
by the suchlike action is smaller as compared with vibration 
at the time of vehicle collision (i*e., detection sensitivity 
is too much low as it is, so as to be able to surely detect vibration 
of a vehicle, detection sensitivity of the acceleration sensor 
11 is switched to detection sensitivity which is available for 
vibration detection of a vehicle . In this regard, however, since 
inclination and vibration of a vehicle are of different actions 
which are targeted to be detected, used are ones whose concrete 
values are different from the above-described detection 
sensitivity and threshold value described above . 

[0103] 

Also, in case of vibration judgment of a vehicle, it is 
desirable to judge whether or not a vehicle is in a theft state 
on the basis of a detection result of an acceleration sensor 
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(e.g., a front sensor, a side collision sensor, and so on) which 
was disposed at an outer edge part of a vehicle . In other words, 
since vibration which is applied to a vehicle is detected easier 
at the outer edge part, by this, it becomes possible to improve 
detection accuracy. 
[0104] 

Further, in case of vibration judgment of a vehicle, it 
is desirable to switch each detection sensitivity in such amanner 
that detection sensitivity of the acceleration sensor which was 
disposed at a central part of a vehicle (e,g., front collision 
sensor, and so on) becomes higher than detection sensitivity 
of the acceleration sensor which was disposed at the outer edge 
part of the vehicle . In other words, by this, it becomes possible 
to secure detection accuracy at the central part, taking into 
consideration that vibration which is applied to a vehicle is 
detected easier at the outer edge part* In addition, from the 
same viewpoint as this, in case of vibration judgment of a vehicle, 
used are threshold values for vibration judgment which differ 
respectively according to a difference of a position of an 
acceleration sensor . 

[0105] 

In addition, also in case of vibration j udgment of a vehicle , 
the features of this application, which were described in the 
above-described embodiment and other embodiments (l)-(5) such 
as switching a cutoff frequency of a filter and switching power 
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supply and so on in alignment with switching of detection 
sensitivity, is applicable in the same manner, 
[0106] 

Finally , the anti-theft method which was described in this 
embodiment can be realized by executing a program which was 
provided in advance on a computer (including an external 
computer) which was mounted on a vehicle ♦ This program can be 
distributed through a network such as Internet and so on. Also, 
this program can be executed by being recorded on a 
computer-readable recording medium such as a hard disc, a 
flexible disc (FD) , a CD-ROM, a MO, a DVD and so on, and by being 
read out from the recording medium by a computer . 

[0107] 

[Advantage of the Invention] 

As described above, according to the invention of claim 
1, achieved is such an advantage that it is possible to obtain 
an anti-theft apparatus which can surely detect a theft state 
of a vehicle, even in such a case that various acceleration sensors 
which are mounted on a vehicle from an application other than 
anti-theft is also used as anti-theft. 
[0108] 

Also, according to the invention of claim 2, achieved is 
such an advantage that it is possible to judge the theft state 
(concretely speaking, inclination or vibration) in multiple 
aspects by a combination of detection results of the plurality 
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of acceleration detection units and to prevent mis judgment , and 
it is possible to obtain an anti-theft apparatus which can detect 
the theft state of a vehicle with a high degree of accuracy. 
[0109] 

Also, according to the invention of claim 3, achieved is 
such an advantage that it is possible to simply judge a theft 
state (concretely speaking, inclination or vibration) of a 
vehicle by a detection result of any one of acceleration detection 
units, and it is possible to obtain an anti-theft apparatus which 
can detect the theft state of a vehicle with a high degree of 
accuracy. 

[0110] 

Also, according to the invention of claim 4, achieved is 
such an advantage that it is possible to carefully detect the 
theft state (concretely speaking, inclination or vibration) of 
a vehicle by detection results of a plurality of acceleration 
detection units, and it is possible to obtain an anti^ theft 
apparatus which can detect the theft state of a vehicle with 
a high degree of accuracy - 

[0111] 

Also, according to the invention of claim 5, achieved is 
such an advantage that it is possible to obtain an anti-theft 
apparatus which can surely detect inclination of a vehicle due 
to jack-up and so on for theft. 

[0112] 
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Also,, according to the invention of claim 6, achieved is 
such an advantage that it is possible to obtain an anti-theft 
apparatus which can surely detect vibration of a vehicle due 
to a turbulent action which may lead to theft. 

[0113] 

Also, according to the invention of claim 7, achieved is 
such an advantage that it is possible to obtain an anti-theft 
apparatus which can improve detection accuracy, since vibration 
which is applied to a vehicle is detected easier at an outer 
edge part, incase of detecting a theft state assuming vibration. 

[0114] 

Also, according to the invention of claim 8, achieved is 
such an advantage that it is possible to obtain an anti-theft 
apparatus which can secure detection accuracy at the central 
part/ taking into consideration that vibration which is applied 
to a vehicle is detected easier at the outer edge part. 
[0115] 

Also, according to the invention of claim 9, achieved is 
such an advantage that it is possible to obtain an anti-theft 
apparatus which can judge the theft state (concretely speaking, 
inclination or vibration) by an acceleration sensor which is 
basically fixed to a vehicle stoutly and to which a behavior 
to the vehicle is directly applied, and thus# can not only reduce 
a cost but also improve detection accuracy, as compared with 
such a case that an anti-theft dedicated ECU is provided at later 

57 



06- 3- 91 2 : 1 1 PM ; NGB ffiffl 



OLIFF 



; 03 5561 39 55 



# 63/ 76 



time. 

[0116] 

Also, according to the invention of claim 10, achieved 
is such an advantage that it is possible to obtain an anti-theft 
apparatus which can eliminate a high-frequency noise component 
(high-frequency component due to vibration which is different 
from inclination due to jack-up and electromagnetic noise and 
so on) which acts as a drag on the occasion of judging the theft 
state (concretely speaking, inclination or vibration) of a 
vehicle, and can judge the theft state of a vehicle with a high 
degree of accuracy. 

[0117] 

Also, according to the invention of claim 11, achieved 
is such an advantage that it is possible to obtain an anti-theft 
apparatus which can simply eliminate a high-frequency noise 
component, by switching of so-called low-pass and high-pass 
filter circuits. , 

[0118] 

Also, according to the invention of claim 12, achieved 
is such an advantage that it is possible to obtain an anti-theft 
apparatus which can simply eliminate a high-frequency noise 
component, without using a filter circuit. 

[0119] 

Also, according to the invention of claim 13, achieved 
is such an advantage that it is possible to obtain an anti-theft 



58 



06- 3- 9; 2:11PM; NGB Jtftg 



OLIFF 



J0355513955 



# 64/ 76 



apparatus which can simply and surely eliminate a high-frequency 
noise component, by a simultaneous use of a filter circuit and 
periodical integration . 
[0120] 

Also, according to the invention of claim 14, achieved 
is such an advantage that it is possible to obtain an anti-thef t 
apparatus which can surely detect the theft state (concretely 
speaking, inclination or vibration) of a vehicle, in addition 
to effectively using power of a battery or dry battery. 

[0121] 

Also, according to the invention of claim 15, achieved 
is such an advantage that it is possible to obtain an anti-theft 
apparatus which can more reduce consumption of a battery or dry 
battery, and can more effectively use power of a battery or dry 
battery. 

[0122] 

Also, according to the invention of claim 16, achieved 
is such an advantage that it is possible to obtain an anti-theft 
apparatus which can urgently avoid consumption of a battery or 
dry battery, and secure power to a portion which is indispensable 
for a vehicle. 
[0123] 

Also, according to the invention of claim 17, achieved 
is such an advantage that it is possible to obtain an anti-theft 
apparatus which can properly send out an anti-theft instruction 
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according to such a state that a vehicle is parked and so on, 
and can switch detection sensitivity at appropriate timing* 
[0124] 

Also, according to the invention of claim 18, achieved 
is such an advantage that it is possible to obtain an anti-theft 
apparatus which can automatically send out an anti-theft 
instruction, assuming that an OFF state of an ignition key is 
deemed to represent that vehicle is parked, and can switch 
detection sensitivity always at appropriate timing, without 
necessity of a special operation for anti-theft by a driver. 

[0125] 

Also, according to the invention of claim 19, achieved 
is such an advantage that it is possible to obtain an anti-theft 
method which can surely detect the theft state of a vehicle, 
even in case that various acceleration sensors which are mounted 
on a vehicle from an application other than anti-theft are also 
used as anti-theft. 

[0126] 

Also, according to the invention of claim 20, achieved 
is such an advantage that it is possible to obtain an anti-theft 
program which can surely detect the theft state of a vehicle, 
even in case that various acceleration sensors which are mounted 
on a vehicle from an application other than anti-theft are also 
used as anti-theft . 
[Brief Description of the Drawings] 
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[Fig.i] 

is a view showing a functional conceptual schematic 
structure of an anti-theft apparatus which relates to a first 
embodiment - 

[Fig. 2] 

is a view for illustrating detection sensitivity of an 
acceleration sensor which is mounted on a vehicle.. 
[Fig. 3] 

is a block diagram showing a structure of the anti-theft 
apparatus which relates to the first embodiment. 
[Fig. 4] 

is a view showing a structure of a peripheral circuit of 
the acceleration sensor. 
[Pig. 5] 

is a view for illustrating detection sensitivity switching 
and filter switching. 
[Fig. 6] 

is a flow chart showing process procedures of the 
anti-theft apparatus which relates to the first embodiment. 
[Description of Reference Numerals] 

10 air bag ECU 

11 acceleration sensor 

11a X direction acceleration sensor 
lib Y direction acceleration sensor 

12 CPU 
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13 backup power source 

14 ASIC 

15 SQUIB 

16 gain switching part 

16a X direction gain switching part 

16b Y direction gain switching part 

17 filter switching part 

17a X direction filter switching part 

17b Y direction filter switching part 

18 power supply control part 
18a power supply control part SW 
18b power supply control part SW 
18c 5V power source 

18d boosting power source 

19 IG key monitor 

20 anti-theft ECU 

21 inclination judgment part 

22 alarm part 

22a emergency notification transmission antenna 

22b siren 

22c lamp 

22d head lamp 

23 5V power source 

24 security receiving antenna 

25 receiving circuit 
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26 transmission circuit 

27 output TR 
30 battery 
40 IG key SW 
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FIG. 4 
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FIG. 6 



( START ) 




S602 



SWITCHING OF GAIN, 
FILTER AND POWER SUPPLY 




SWITCHING OF GAIN, 
FILTER AND POWER SUPPLY 



( END ) 



06- 3- 9; 2 : 1 1 PM ; NGB OLIFF J0355613955 # 76/ 76 



[Designation of Document] ABSTRACT 

[Problem] To surely detect a theft state of a vehicle, such 
as inclination and vibration of a vehicle due to a theft action, 
even incase that various acceleration sensors, which are mounted 
on a vehicle for an application other than anti-theft, are used 
also for anti-theft* 

[Solution means] An IG key monitor 19 sends out an anti-theft 
instruction to a GAIN switching part 16, in case that an IG key 
SW (ignition key switch) 4 0 was turned to an OFF state. The 
GAIN switching part 16 receives the anti-theft instruction from 
the IG key monitor 19, and then, switches detection sensitivity 
of an acceleration sensor 11 to second detection sensitivity 
(which is detection sensitivity available for inclination 
judgment of a vehicle, and for example, is approximately ±2G) • 
An inclination judgment part 21 judges whether or not a vehicle 
is inclined on the basis of a detection result of the acceleration 
sensor 11 whose detection sensitivity was switched as described 
above, and outputs an anti-theft alarm through an alarm part 
22, in case that an output of the acceleration sensor 11 exceeds 
0.1G. 

[Selected drawing] FIG. 1 
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